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FOREWORD 


This  record  covers  activities  performed  by  Whittaker  Corporation,  Research 
and  Development  Division,  San  Diego,  Calif.,  under  Air  Force  contract 
No.  AF33615-71-C-1089,  "Filament  Composite  Wheel  Development  for  Military 
Aircraft",  in  the  period  22  October  1970  to  13  August  1971.  The  program 
was  sponsored  by  the  Air  Force  Flight  Dynamics  Laboratory  (FEM),  Wright - 
Patterson  Air  Force  Base,  Ohio,  and  conducted  under  Project  1369,  Task  11. 
Lt.  C.  Shumaker  was  the  program  manager. 

This  technical  report  has  been  reviewed  and  is  approved. 

KENNERLY  H.  DIGGES 
Chief,  Mechanical  Branch 
Vehicle  Equipment  Division 
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ABSTRACT 


A  program  was  conducted  wherein  a  fibrous  graphite /epoxy  aircraft  wheel 
was  designed,  fabricated  and  delivered  to  the  Air  Force  for  testing. 

The  composite  wheel  was  fabricated  using  continuous  fibers  laid  up  on  a 
male  mold  with  multiple  autoclave  staging.  The  material  was  applied 
in  broadgood  patterns  by  hand  and  in  continuous  forms  by  filament 
winding.  The  completed  layup  was  machined  to  proper  configuration. 
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SECTION  I 
INTRODUCTION 


A  program  was  conducted  in  which  a  composite  wheel,  the  main  landing  gear 
wheel  for  the  A-37B  aircraft,  was  designed  and  fabricated  utilizing  epoxy 
and  high  modulus  graphite  fibers.  Fiber  reinforced  plastic  composite 
materials  for  aircraft  wheel  applications  offer  a  number  of  potential 
advantages  over  metals.  Composite  materials  have  demonstrated  their  po¬ 
tential  for  weight  reduction  of  numerous  aircraft  structural  components. 

In  the  case  of  the  composite  wheel,  an  approximate  167.  weight  reduction 
over  the  same  metal  wheel  was  realized.  In  addition,  composite  materials 
offer  the  potential  for  increased  corrosion  resistance  and  greater  fatigue  life. 

The  objectives  of  this  effort  were  to: 

•  Demonstrate  the  feasibility  of  constructing  an  aircraft  wheel  using 
graphite  epoxy  composite  materials. 

•  Achieve  lighter  weight  than  is  possible  with  present  aluminum 
wheels . 


Program  tasks  included: 

•  Select  materials. 

•  Establish  quality  control  procedures. 

«  Design  wheel. 

•  Develop  fabrication  technology  to  build  a  prototype  wheel. 

•  Fabricate  prototype  test  wheel. 


SECTION  II 
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TECHNICAL  DISCUSSION 


PROCESS  DEVELOPMENT 

A  process  development  effort  was  conducted  to  check  out  the  fabrication 
process  planned  for  the  graphite /epoxy  wheel  and  to  establish  prepreg 
naterial  characteristics. 

A  wheel  half  was  constructed  on  a  steel  mandrel  using  type  E  fiber  glass 
and  the  4617  resin  system.  E  fiber  glass  was  used  in  lieu  of  graphite 
to  minimize  costs,  however,  small  samples  of  graphite  were  used  to 
define  the  significant  prepreg  characteristics  and  these  character¬ 
istics  were  translated  to  the  fiber  glass  prepreg.  Optimum  character¬ 
istics  of  the  graphite /epoxy  prepreg  were  established  as  follows: 

•  Resin  Content  37  ±  37. 

•  Volatile  Content  5.5  ±  1.57.  (nominal) 

•  Resin  Solids/Volatile  Rati.-'  0.19  ±  0.03 

•  Flow  17  ±  3% 

•  Drape  High 

•  Tack  Medium 

The  lamination  sequence  was  established  as  follows: 

•  6  canjaction  stages  -  2  ±  l  hrs  (depending  on  the  degree  of  staging 

desired)  @  190°F  +  10°F  and  50+5  psig 

•  1  final  cure  stage  -  2  hrs  @  190°F  ±  10  F  and  50  ±  5  psig 

followed  by  16  hrs  @  325®F  ±  10*F 
and  50  ±  5  psig 

Each  layup  consisted  of  (a)  fibers  oriented  parallel  to  the  wheel 
axis  continuous  through  the  wheel  and  radial  in  the  face  areas, 

(b)  circumferential  fibers  perpendicular  to  the  wheel  axis,  and  (c) 
fibers  ±45°  to  the  wheel  axis. 

Both  the  ±45*  and  the  parallel  fibers  were  cut  into  approximately  1/2 
inch  width  patterns  from  prepreg  broadgoods  sheets  and  applied  to  the 
layup  by  hand.  Shorter  patterns  were  placed  in  the  extra  thickness 
areas.  The  circumferential  fibers  were  applied  in  the  flange  and 
cylindrical  areas  by  winding  single  tow  continuous  filament  prepreg 
directly  onto  the  layup.  The  mandrel  was  placed  in  a  lathe  that  had  been 
modified  for  this  operation.  In  the  face  areas  of  the  wheel  circumferential 
fiber  annuli  preforms  were  prepared  by  winding  the  single  taw  continuous 
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fiber  into  aluminum  forms,  cooling  to  a  low  temperature  to  rigid ize 
them,  and  manually  transferring  the  preform  to  the  layup.  In  the 
conical  area  of  the  wheel  .circumferential  fibers  were  wound  on  an 
aluminum  form;  frozen,  and  placed  on  the  layup.  Figure  1  indicates 
the  areaa  of  the  wheel. 

Once  the  fiberglass  process  development  part  had  been  completely  laid  up, it  was 
machined .using  a  tracer  lathe  to  the  approximate  configuration  of 
the  actual  wheel  half.  This  part  was  then  cut  up  and  analyzed  for  specific 
gravity,  resin  and  void  content.  The  results  are  presented  in  Figure  2. 

Based  on  the  results  obtained  from  the  physical  and  visual  analyses 
of  the  process  development  wheel,  changes  were  made  in  the  layup  pro* 
cedure  toward  applying  more  effective  pressure  to  the  high  resin 
content  areas,  toward  eliminating  fiber  wrinkling  in  the  circumferential 
fiber  layers,  and  toward  establishing  better  thickness  control  of  the 
individual  layers. 

A  photographic  sequence  of  the  layup  of  the  fiber  glass  process,  develop-' 
ment  wheel  is  presented  in  Figures  3  through  20.  Figures  6  and  7  show 
the  boss  areas  in  the  graphite  wheel  mold  and  the  preparation  of  epoxy/ 
graphite  prepreg  to  fit  the  bosses.  The  photo  sequence  la  typical  ef  the 
fabrication  processes  used  for  both  the  graphite  and  glass  epoxy  wheels. 

2.  QUALITY  CONTROL  PROVISIONS 

The  following  quality  control  provisions  were  developed  and  established 
for  the  fabrication  of  the  graphite/epoxy  wheel; 

a.  Raw  Materials 

•  Resin  -  Manufacturer's  Certification 

•Graphite  -  Manufacturer's  Certification  and  Test  Report 

b.  Processed  Materials 

•Resin  •  Thermal  Gravimetric  Analysis  (TGA) 

•  Prepreg  -  Volatile  weight  loss  after  15  minutes  @  325®F 

-  Resin  content  -  by  digestion  process 

-  Flow  -  by  SPI  Procedure  III  (15  psi  x  15  minutes 

<?  325*F) 

-  Tack  and  drape  -  by  visual  inspection 

c.  Lamination  (in-process  inspection) 


•Sign-off  of  Part  Processing  (Traveler) 

•Dimensional  Inspection  after  Each  Cure 

•Monitor  Cure  Temperature  and  Pressure  with  Continuous 
Recording  Charts 
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Figure  8* 

Preparing  Patterns 
for  Layup 


Figure  10. 

Fiber  Annuli  Staged 
For  Wheel  Layup 


Figure  11. 

Applying  Radial /Axial 
Fibers  to  Layup 


Figure  12. 
Circumferentia  1 
Fiber  Prepreg 


Figure  13. 

Winding  Circumferential 
Fibers 


Figure  14. 

Dimens tonally  Inspecting 
Layup 


Figure  15. 

Layup  with  Short  Fibers 
Shown  in  Mating  Face 


Figure  16. 

Winding  Circumferential 
Fiber  Over  Radial/Axia! 


Figure  19. 

Part  After  Autoclave  Cure 


Figure  20. 
Machining  Laminated 
Wheel  Half  Section 


Visual  Inspection,  In-process,  of  Fiber  Orientation  and 
Laminate  Quality 

3.  FABRICATION  OF  GRAPHTTE/EPOXY  WHEEL 

The  wheel  was  laid  up  in  accordance  with  the  structural  design  and  the 
fabrication  process  developed  using  glass  fiber  (Figure  21).  No  prob¬ 
lems  were  encountered  except  that  approximately  153  extra  thickness 
buildup  was  experienced  in  the  cylindrical  section.  1 

Upon  final  machining,  which  was  accomplished  on  a  tracer  lathe  using 
carbide  cutter  bits,  it  was  noticed  that  insufficient  material  had 
been  placed  on  the  cylinder/mating  face  comer  (see  Figure  22)  and 
it  was  necessary  to  add  more  plies  on  this  area.  Other  difficulties  | 
were  noted  also  in  the  final  machining.  The  O-rlng  groove  between 
the  two  half  wheel  specimens  was  a  particular  problem  in  that  during  * 
the  machining  a  rough  surface  was  obtained  which  had  to  be  repaired. 

It  is  suspected  that  the  repair  resin  was  not  polished  out  completely, 

leaving  some  areas  where  the  groove  was  not  wide  enough.  Thus 

consequently,  corner  splitting  occurred  when  the  wheel  halves  were  bolted  to 

gether.  a  second  problem  involved  drilling  the  bolt  holes  through 

the  bosses.  Some  delamination  occurred  in  the  surface  plies  and  a 

repair  was  necessary.  A  room  temperature  curing  epoxy  adhesive 

was  used  for  the  repair.  Finally,  in  assembling  the 

wheel  with  a  tire  in  place,  the  side  pressure  exerted  by  the  compressed 

O-rlng  created  Interlaminar  shear  stresses  which  failed  the  composite  > 

material  (see  Figure  23).  This  area  was  again  repaired  and  modified 

by  widening  the  O-ring  groove  from  the  low  side  of  the  tolerance  co 

the  high  side  of  the  tolerance.  This  resulted  in  less  pressure  being 

exerted  by  the  O-ring  and  was  a  satisfactory  solution  to  the  problem. 

To  eliminate  this  problem  in  the  future  the  O-ring  groove  should  be 
moved  toward  the  center  to  a  smaller  diameter. 

I 

Offal  rings  from  the  wheel  halves  were  analyzed  for  specific  gravity 
and  resin  content,  with  the  following  results:  1 

Wheel  Half  Resin  Content  Specific  Gravity 
H  35.67.  1.53 

#2  31.63  1.52 

With  the  aluminum  hub,  bearing  cups  and  air  valve  installed,  the  wheel 
weighed  10.1  lbs, resulting  in  a  weight-saving  of  163  for  the  wheel 
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assembly.  The  completed  wheel  la  depicted  in  Figure  24.  The  manufac¬ 
turing  process  (job  traveler)  is  included  aa  Appendix  A. 

4.  TOOLING  ,  : 

For  the  fabrication  of  the  part,  two  (2)  steel  mandrels  (one  for  each 
wheel  half)  defining  the  exposed  wheel  surface  were  utilized  (Figure  3) . 
One  (1)  of  the  molds  was  modified  as  required  to  accomodate  the  bosses 
for  bolting  the  wheel  together. 

It  was  felt  that  the  time  savings  realized  in  fabricating  the  two  (2) 
wheel  halves  simultaneously  more  than  offset  the  extra  cost  of  the 
second  mandrel. 

i 

5.  DESIGN 

The  design  philosophy  In  this  effort  was  to  replace  the  existing  metal 
wheel  with  equivalent  thickness  of  composite  material.  The  wheel  was 
not  optimized  for  minimum  weight.  The  wheel  consisted  of  an  aluminum 
hub  fitted  with  the  bearing  cups  which  was  bonded  to  the  bore  of  one 
wheel  half.  Six  (6)  bolts  were  used  to  fasten  the  wheel  halves  together. 
The  wheel  was  fitted  with  an  air  valve  and  an  O-ring  at  the  wheel  mating 
faces  to  provide  tubeless  air  retention.  Braking  requirements  were  not 
considered  in  the  design,  thus  brake  rotor  slots  were  not  Included  in  the 
test  article  constructed.  The  prototype  wheel  was  designed  to  the  basic 
loads  which  appear  in  Appendix  B. 

6.  STRESS  ANALYSIS 

The  stress  analysis  associated  with  this  effort  will  be  published  as 
AFFDL  Technical  Memorandum  TM-72-02-FEM.  Publication  of  this  T.M. 
is  forthcoming. 

7.  TEST  RESULTS 

Static  and  roll  testing  of  this  wheel  has  been  conducted  by  the 
AFFDL  (FEM)  at  WPAFB.  The  results  of  this  test  will  be  published  as 
an  AFFDL  Technical  Report  (TR) .  Publication  of  this  TR  is  forthcoming. 
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SECTION  III 


CONCLUSIONS  AND  RECOMMENDATIONS 


Graphics  fiber  conposlte  material  for  aircraft  wheel  application  offers 
potential  for  superiority  over  conventional  metal  wheels  in  the  areas  of 
weight  and  corrosion  resistance. 

A  wheel  is  a  complex  structure  subject  to  combined  loading  conditions  which 
complicate  the  design  and  analysis  problem.  The  use  of  a  composite  material 
having  anisotropic  properties  further  increases  the  difficulty  of  this 
problem.  In  order  to  obtain  an  optimized  composite  wheel,  a  series  of 
test-failure  analysis-redesign  steps  will  be  required. 

This  prototype  wheel  was  designed  to  the  approximate  configuration  and 
envelope  of  the  metal  wheel.  In  order  to  optimize  the  composite  wheel, 
future  efforts  should  study  configurations  which  take  better  advantage 
of  the  properties  and  fabrication  methods  characteristic  of  composite 
materials.  For  example,  eliminate  sharp  comers  and  rapid  change  of 
section  thickness,  etc.  The  hand  layup  fabrication  process  used  for  this 
prototype  wheel  results  in  a  high  per  unit  cost,  therefore,  more  cost 
effective  designs  must  be  found.  Designs  which  use  some  randomly  oriented 
fiber  and  matched  die  molding  techniques  should  be  considered. 
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420*F  -  500*F  for  1  hr  minimum. 


Inspect  mold  preparation. 


Set  lathe  at  5  TPI,  sac  tensioner  at  *  *  4  lbe.  (Setting  to  be 


maintained  for  all  subsequent  clrc  operations.)  Place  mandrel 


in  lathe.  Wind  3  layers  circuaferentlai  fibers  (circs)  Sta  A  to 


Sts  C.  Wind  1  additional  clrc  Sta  A  to  P. 


35  Place  .028  spacer  In  flange  annular  mold  and  wind  mold  full. 


Freeze  to  rigldlze  and  restove  ring  from  mold.  Place  ring  on 


layup.  Trim  to  fit  as  required. 


40  |  Cut  discs  to  fit  wheel  bosses.  Position  5  piles  In  bosses. 


Randomly  orient  fiber  direction  of  discs. 


45  I  Cut  approx.  1"  width  patterns  of  radlal/axlal  (R/A)  fibers  for 


layup  from  Sts  A  to  Sta  K. 


50  Lay  up  1  ply  R/A  cut  In  previous  operation. 


55  I  Cut  discs  to  fit  wheel  bosses.  Position  30  plies  In  bosses. 


Randomly  orient  fiber  direction  of  discs. 


60 


Lay  up  1  ply  R/A  cut  in  operation  45 


WHITTAKER  CORPORATION 

Research  &  Development  Division 


MASTER  JOB  TRAVELER  "O/wo  No. 


Nnt  of  Item 


COMPOSITE  WHEEL 


REQUESTED  BY 


SPECIAL  REQUIREMENTS,  MATERIALS,  INSTRUCTIONS 


Fabrication 


Machine  Shop 


Test  Lab. 


TOOL  CONTROL 


Contract  No. 


Property  of 


Tool  No. 


MJO  No. 


COMPLETION  oppratton  INSTRUCTIONS 

INITIALS  .  Note:  Prefix  the  operation  No.  with  F,  M,  T,  or  T.C.  corresponding  to 

&  DATE  *  the  applicable  department. 


Cut  discs  to  fit  wheel  bosses.  Position  AO  plies  in  bosses. 


Randomly  orient  fiber  direction  of  discs. 


Cut  patterns  of  R/A  fibers  Sta  A  to  Sta  F.  Apply  1  ply  to  layup. 


Cut  patterns  of  double  thickness  for  Sta  G  to  I.  Apply  to  layup. 


Wind  3  circs  Sta  A  to  Sta  G. 


Place  .028  spacer  in  flange  annular  mold  and  wind  mold  full. 


Freeze  to  rigldlze  and  remove  ring  from  mold.  Place  ring  on 


layup.  Trim  to  fit  as  required. 


Place  .042  spacer  in  web  annular  mold  and  wind  mold  full. 


Freeze  to  rlgidize  and  remove  ring  from  mold.  Place  ring  on 


layup.  Trim  to  fit  as  required. 


Inspect  layup  tot  cleanliness,  fiber  alignment,  and  conformance 


USE  REVERSE  SIDE  FOR  ADDITIONAL  INSTRUCTIONS 


WHITTAKER  CORPORATION 

_ Research  &  Development  Division 


MASTER  JOB  TRAVELER 
MID- 002 

MJO/WO  No.  Name  of  Item  1 

3025-002  COMPOSITE  WHEEL 

ROUTING  INSTRUCTIONS: 

(Check  One  of  Indicate  Sequence  by  Nuabera) 

REQUESTED  BV  EXT. 

A.  PRICE  274 

Vor 

No. 

ROUTE  TO 

DATE 

SUBMITTED 

DATE 

REQUIRED 

EST. 

HRS. 

ACT. 

HRS. 

SPECIAL  REQUIREMENTS,  MATERIALS,  INSTRUCTIONS:1 

Fabrication 

Machine  Shop 

Test  Lab. 

TOOL  CONTROL 


Contract  No.  Property  of  Tool  No.  HJO  No. 


COMPLETION 
INITIALS 
&  DATE 

OPERATION 

NO. 

INSTRUCTIONS 

Note:  Prefix  the  operation  No.  with  F,  M,  T,  or  T.C.  corresponding  to 
the  applicable  department. 

140 

Cut  patterns  and  apply  1  layer  +  ,  1  layer  -  ,  Sta  A  to  Sta  E. 

Apply  2  layers  +  ,  2  layers  -  ,  Sta  C  to  Sta  J. 

141 

Inspect  layup  for  cleanliness,  fiber  alignment,  and  conformance. 

| 

to  drawing . 

145 

Cover  assembly  with  1  ply  128-style  unfinished  peel/bleeder 

fiber  glass.  Bag  In  Capram  vacuum  bag.  Place  assembly  In  1 

autoclave.  Place  1  T/C  on  part,  1  T/C  In  air.  ' 

! 

150 

Precompact  part  at  50  ±5  psl  x  190  ±10*F  x  2  +*_0  hrs.  Identify 

and  store  pressure  and  temperature  recorder  charts. 

1 

155 

When  assembly  Is  cool,  strip  bag  and  bleeder  materials. 

156 

Inspect  precompaction  cure  records.  Inspect  part. 

160 

Sand  assembly.  Prepare  for  next  layup.  Prime  surface  with 

4617  resin.  , 

165 

Wind  3  circs  Sta  A  to  Sta  G.  (  26^ 

USE  REVERSE  SIDE  FOR  ADDITIONAL  INSTRUCTIONS 


/ 


OPERATION  INSTRUCTIONS 

&  DATE  M0,  NOTE:  Prefix  the  operetlon  P,  M,  or  T,  corresponding  to  Che  eppllrable  Dept 


170  Wind  1  circ  See  A  to  Ste  E. 


173  Piece tt028  spacer  in  flenge  ennuler  mold  end  wind  mold  full. 


Freeze  to  rigidize  end  remove  ring  from  mold.  Piece  ring  on 


leyup.  Trim  to  fie  ee  required. 


180  |  PleceO.042  epecer  in  web  ennuler  mold  end  wind  mold  full. 


Freeze  to  rigidize  end  remove  ring  from  mold.  Piece  ring  on 


leyup.  Trim  to  fit  ee  required. 


183  |  Hind  6  clrce  on  cone  oendrel.  Freeze  to  rigid! te  end  piece  on 


eeeembly  Ste  I  to  Ste  K.  Trim  ee  required  to  fit. 


190  |  Cut  pettems  end  piece  1  ply  R/A  Ste  A  to  Ste  K.  Piece  1  ply 


edditionel  Ste  A  to  Ste  D.  Piece  2  edditlonel  pliee  Ste  G  to  Ste  I 


193  |  Cut  ±45*  petterne.  Piece  2  +  ,  2  -  ley  ere  Ste  A  to  Ste  K. 


196  |  Inspect  leyup  for  cleenllnese,  fiber  alignment,  end  conformence 


to  drswing. 


Cover  eeeembly  wi.h  l  ply  128-style  unfinished  peel/bleeder 


fiber  glees.  in  Cepram  vacuum  bag.  Place  assembly  in 


autoclave.  Piece  1  T/C  on  part,  1  T/C  in  sir. 


Preeompect  part  at  50  ±5  psi  x  190  ±10#F  x  2  +1_0  hrs.  Identify 


and  store  pressure  and  temperature  recorder  charts. 


When  assembly  is  cool,  strip  bag  and  bleeder  materials. 


A-6 


WHITTAKER  CORPORATION 

Research  &  Development  Division  _ _ 


MASTER  JOB  TRAVELER  ""W 3625  N-~o£It“  COMPOSITE  WHEEL 

is  n. 002 


ROUTING  INSTRUCTIONS:  REQUESTED  BY  EXT. 

(Check  One  of  Indicate  Sequence  by  Number*)  A.  RICE  274 

Jor  I  ro,_t  rn  I  DAT2  DATE  EST.  ACT.  SPECIAL  REQUIREMENTS,  MATERIALS,  INSTRUCTIONS: 
SUBMITTED  REQUIRED  HRS.  HRS. 

Fabrication _ 

Machine  Shop 

Test  Lab. 


TOOL  CONTROL 


Contract  No. 


Property  of 


Tool  No. 


MJO  No. 


COMPLETION 
INITIALS 
&  DATE 


OPERATION 


INSTRUCTIONS 

Note:  Prefix  the  operation  No.  with  F,  M,  T,  or  T.C.  corresponding  to 
the  applicable  department. 


Inspect  precompaction  cure  records.  Inspect  pert. 


Sand  assembly.  Prepare  for  next  layup.  Price  surface  with 


4417  realn. 


Hind  3  circa  Sta  A  to  Sta  G. 


Hind  1  cl  re  Sta  A  to  Sta  D. 


Place  .028  spacer  In  flange  annular  mold  and  wind  mold  full. 


Freeze  to  rigidize  and  remove  ring  from  mold.  Place  ring  on 


layup.  Trim  to  fit  aa  required. 


Place  .042  spacer  in  web  annular  mold  and  wind  mold  full. 


Freeze  to  rigidize  and  remove  ring  from  mold.  Place  ring  on 


Layup.  Trim  to  fit  as  required. 


Wind  6  circa  on  cone  mandrel.  Freeze  to  rigidize  and  place  on 


assembly  Sta  I  to  Sta  K.  Trim  as  required  to  fit. 


USE  REVERSE  SIDE  FOR  ADDITIONAL  INSTRUCTIONS 


OPERATION  INSTRUCTIONS 

NO.  NOTE:  Prefix  the  operation  P,  M,  or  T,  corresponding  to  the  applicable  Dept. 


245  Cut  patterna  and  lay  pp  1  ply  R/A  Sta  A  to  Sta  C. 


Add  1  ply  Sta  A  to  Sta  C.  Add  3  pliea  Sta  H  to  Sta  J. 


250  Cut  145*  patterna.  Lay  up  l  ply  +  ,  1  ply  -,Sta  A  to  Sta  K. 


Lay  up  1  ply  ♦  ,  1  ply  -  ',  Sta  A  to  Sta  C. 


Lay  up  2  plies  +  ,  2  pliea  -  ,  Sta  H  to  Sta  J. 


251  Inspect  layup  for  cleanliness,  fiber  alignment,  and  conformance 


to  drawing. 


255  Cover  assembly  with  1  ply  128-style  unfinished  peel/bleeder 


fiber  glass.  Bag  in  Capram  vacuum  bag.  Place  assembly  in 


autoclave.  Place  1  T/C  on  part,  1  T/C  in  air. 


260  Precompact  part  at  50  ±5  psi  x  190  110*F  x  2  +1.q  hra.  Identify 


and  store  pressure  and  temperature  recorder  charts. 


265  When  assembly  Is  cool,  strip  bag  and  bleeder  materials. 


266  I  Inspect  precompaction  cure  records.  Inspect  part. 


270  j  Sand  assembly.  Prepare  for  next  layup.  Prime  surface  with 


4617  resin. 


275  Wind  3  circs  Sta  A  to  Sta  G.  Wind  1  clrc  Sta  A  to  Sta  C. 


280  J  Place  3028  spacer  in  flange  annular  mold  and  wind  mold  full. 


Freeze  to  rlgldlze  and  remove  ring  from  mold.  Place  ring  on 


layup.  Trim  to  fit  as  requir 


WHITTAKER  CORPORATION 

Research  &  Development  Division 


MASTER  JOB  TRAVELER  MJO/WO  No.  Name  of  Item 

02  3025-002 


COMPOSITE  WHEEL 


REQUESTED  BY 

A.  PRICE 

EXT. 

274 

SPECIAL  REQUIREMENTS,  MATERIALS, 

INSTRUCTIONS : 

Contract  No. 


TOOL  CONTROL 
Property  of 


Tool  No. 


MJO  No. 


COMPLETION 
INITIALS 
&  DATE 


OPERATION 

NO. 


INSTRUCTIONS 

Note:  Prefix  the  operation  No.  with  F,  M,  T,  or  T.C.  corresponding  to 
the  applicable  department. 


Place 0.042  spacer  in  web  annular  mold  and  wind  mold  full. 


Freeze  to  rlgidlze  and  removS  ring  from  mold.  Place  ring 


on  layup.  Trim  to  fit  a«  required. 


Wind  6  circa  on  cone  mandrel.  Freeze  to  rlgidlze  and  place  on 


assembly  Sta  I  to  Sta  K  Trim  as  required  to  fit. 


Cut  patterns  and  lay  2  R/A  layers  Sta  A  to  Sta  K.  Place 


1  additional  layer  Sta  A  to  Sta  B.  Place  2  additional 


layers  Sta  H  to  Sta  J. 


296  j  Inc pec t  layup  for  cleanliness,  fiber  alignment,  and  conformance 


to  drawing. 


Cover  assembly  with  1  ply  128-style  unfinished  peel/bleeder 


fiber  glass.  Bag  In  Capram  vacuum  bag.  Place  assembly  in 


autoclave.  Place  1  T/C  on  part,  1  T/C  in  air. 


Precompact  part  at  50  ±5  psix  190  ±10*F  x  2  +l_0  hrs.  Identify 


and  store  pressure  and  temperature  recorder  charts. 


USE  REVERSE  SIDE  FOR  ADDITIONAL  INSTRUCTIONS 


OPERATION  INSTRUCTIONS 

fc  DATE  N0‘  NOTE:  Prefix  th«  operation  F,  M,  or  T,  corresponding  to  the  applicable  Dope 


310  Whan  assembly  la  cool,  atrip  bag  and  blacdar  no  tar la  la. 


311  I  Inapoct  prcconpactlon  cura  recorda.  Inapact  part. 


315  Sand  aaaanbly.  Prapara  for  next  layup.  Prlna  aurfaca  with 


4617  raain. 


320  Wind  5  circa  Sta  A  to  Sta  C. 


‘Placa  0.028  apacer  In  flange  annular  mold  and  wind  mold  full. 


Freete  to  rlgldlze  and  remove  ring  from  mold.  Placa  ring  on 


layup.  Trim  to  fit  aa  required. 


PlacaO.042  apacer  In  web  annular  mold  and  wind  mold  full. 


Freeze  to  rlgldlze  and  remove  ring  from  mold.  Place  ring 


on  layup.  Trim  to  fit  aa  required. 


Wind  6  circa  on  cone  mandrel.  Freeze  to  rlgldlze  and  place  on 


aaaetnbly  Sta  I  to  Sta  K.  Trim  aa  required  to  fit. 


Cut  patterns  and  place  2  layers  R/A  Sta  H  to  Sta  J 


345  Cut  patterns  and  place  1  +  ,  1  >45*  layer  Sta  H  to  Sta  J. 


Place 0.042  spacer  In  web  annular  mold  and  wind  mold  ful'. 


Freeze  to  rlgldlze  and  remove  ring  from  mold.  Place  ring 


on  layup.  Trim  to  fit  as  required. 


Cut  patterns  and  place  2  layers  R/A  Sta  H  to  Sta  J 


A- 10 
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MASTER  JOB  TRAVELER  MJO/WO  N°. _  Name  of  Iteai 


3025-002 


COMPOSITE  WHEEL 


REQUESTED  BY 


SPECIAL  REQUIREMENTS,  MATERIALS,  INSTRUCTIONS: 


TOOL  CONTROL 


Contract  No. 


Property  of 


Tool  No. 


MJO  No. 


COMPLETION  0PFRATI0N  INSTRUCTIONS 

INITIALS  Note:  Prefix  the  operation  No.  with  F,  M,  T,  or  T.C.  corresponding  to 

&  DATE  *  the  applicable  department. 


356  Inspect  layup  for  cleanliness,  fiber  alignment,  and  conformance 


Cover  assembly  with  1  ply  128-style  unfinished  peel/bleeder 


fiber  glass.  Bag  in  Capram  vacuum  . bag.  Place  assembly  in 


autoclave.  Place  1  T/C  on  part,  l  T/C  in  air. 


Precompact  part  at  50  ±5  psi  x  190  ±10*F  x  2  +1_c  hrs.  Identify 


and  store  pressure  and  temperature  recorder  cnarts. 


370  I  When  assembly  is  cool,  strip  bag  and  bleeder  materials. 


371  Inspect  preeompactlon  cure  records.  Inspect  part. 


375  [  Sand  assembly.  Prepare  for  next  layup.  Prime  surface  with 


380  I  Cut  patterns  and  place  l  layer  R/A  Sta  H  to  Sta  K. 


USE  REVERSE  SIDE  FOR  ADDITIONAL  INSTRUCTIONS 


i 


COMPLETION 

INITIALS 

A  DATS 

OPERATION 

NO. 

-  -  11  r  - .  . .  1  •  — ■  —  . .  1  ■  ,  .  . 

INSTRUCTIONS 

NOTE:  Prefix  th«  operation  P,  M,  or  T,  corresponding  to  tha  applicable  Dept 

385 

Cut  pattern*  and  place  1  +  ,  1  -45*  layer  Sta  H  to  St*  J. 

390 

Place 0.042  spacer  In  web  annular  mold  and  wind  mold  full. 

I 

i 

Freeze  to  rigldlze  and  remove  ring  Iron  mold.  Place  ring 

00  layup.  Trim  to  fit  «•  required. 

395 

Continue  layup, alternating  4  piles  R/A  Sta  I  to  Sta  K  and 

! 

.annular  ring  layup  described  'in  operation  90  to  achieve  proper  ' 

thickness  In  sccordance  with  drawing. 

t  i 

396 

Inspect  layup,  for  cleanliness, '  fiber  alignment,  and  conformance 

to  drawing. 

. 

•  1 

400 

Cover  assembly  with  1  ply  128-style  unfinished  peel/bleeder 

fiber  glass.  Bag  in  Capram  vacuum  bag.  Place  assembly  In 

> 

autoclave.  Place  1  T/C  on  part,  1  T/Ci  In  air. 

.  1  , 

405 

Final-cure  2.+^.q  hra  x  190  ilO*F  x  50  ±5  psig  followed  by 

1^  ±2  hrs  x  325  110*F  x  50  15  psig.  Temperature  changes  at 

1/2  */min  maximum. 

, 

.  ■  > 

410 

When  assembly  Is  cool,  strip  bag. and  bleeder  materials. 

’ 

411 

Inspect  precompaction  cure  records.  Inspect  part. 

415 

Machine  wheel  halves  in  accordance  with  drawing  4618. 

J  .  • 

■ 

_ _ _ : - ^ - - - - - 

A- 12  C”) 
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WHITTAKER  CORPORATION 

Research  &  Development  Division 


MASTER  JOB  TRAVELER  MJO/WO  No.  Name  of  Item 


3025-002 


COMPOSITE  WHEEL 


Fabrication 


Machine  Shop 


Test  Lab. 


REQUESTED  BY 

A.  PRICE 


SPECIAL  REQUIREMENTS,  MATERIALS,  INSTRUCTIONS 


TOOL  CONTROL 


Contract  No. 


Property  of 


Tool  No. 


KJO  No. 


COMPLETION  oprsaTTON  INSTRUCTIONS 

INITIALS  Note:  Prefix  the  operation  No.  with  F,  M,  T,  or  T.C.  corresponding  to 

&  DATE  '  the  applicable  department. 


416  Inspect  wheel  dimensionally,  inspect  for  de lamination,  foreign 


material,  etc.  Assemble  wheel,  tighten  bolts  to  17  ft/lb. 


check  for  cracks,  etc.,  around  bolt  bosses  and  in  O-rlng  area. 


Install  air  valve  insert.  Bond  using  RTV  silicone  rubber 


adhesive.  Drill  hole  in  accordance  with  drawing. 


Install  bearing  cups,  install  aluminum  hub  In  plastic  wheel. 


Bond  hub  to  Inside  wheel  half,  using  EA  934  adhesive. 


Cure  at  R.T. 


Inspect  metal  components  assembly. 


USE  REVERSE  SIDE  FOR  ADDITIONAL  INSTRUCTIONS 


APPENDIX  B 


LOADS  &  DESIGN  CRITERIA 


35 


INTRODUCTION 


The  composite  military  aircraft  wheel  will  be  designed  to  the  loads 
and  design  criteria  specified  in  this  report.  The  loads  are  abstracted 
from  Military  Specification  Mil-W-5013G,  "Wheel  and  Brake  Assemblies; 
Aircraft"  and  from  U.S.  Air  Force  Drawing  No.  67J1951,  "Wheel-Brake  and 
Tire  Assembly  -  Main  Gear  -  Size  7.00-8/16  PR-Tubeless  Type  III".  The 
numbers  shown  in  parenthesis  refer  to  paragraph  numbers  of  Mil-W-5013G. 


36 


1.0 


LOADS 


1.1  STATIC  LOADS 

1.1.1  RADIAL  LOAD  (4.5.5)* 


This  lond  is  less  critical  than  combined  loads  and 
will  not  be  used  for  design  and  analysis. 


COMBINED  LOADS 

(4.5.6) 

LIMIT  LOAD 

~  SIDE  LOAD 

-  5,933 

LBS 

RADIAL  LOAD 

-  14,832 

LBS 

YIELD  LOAD 

-  SIDE  LOAD 

-  6,823 

LBS 

RADIAL  LOAD 

-  17,057 

LBS 

ULTIMATE  LOAD 

~  SIDE  LOAD 

-  8,899 

LBS 

RADIAL  LOAD 

-  22,248 

LBS 

1.1.3  PRESSURE 

p  OPERATING  -  125  psi  (MAX.) 

p  BURST  -  440  psi 


♦PARAGRAPH  NUMBERS  IN  M11-W-5013G 
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DYNAMIC  LOADS 


RADIAL  LOAD  ROLL  TEST  (4.5.8) 


RADIAL  -  6150  LBS 
L  »  1400  MILES 


WHEEL  AT  AMBIENT  TEMPERATURE 


COMBINED  RADIAL  -  SIDE  LOAD  ROLL  TEST 
P 

RADIAL  -  6254  LBS 


p  WHEEL  AT 

SIDE  -  1564  LBS  (ACTING  INBOARD)  AMBIENT  TEMP. 

L  -  400  MILES 

DESIGN  CRITERIA 

STATIC  LOADS 


The  composite  wheel  will  be  designed  to  support  the 
static  loads  listed  in  paragraph  1.1  above.  Composite 
material  allowable  stresses  will  be  established. 


38 


